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Introduction
Health conditions in incarcerated populations are poorer than in free populations, with higher prevalence of mental disturbances, infectious diseases and some chronic diseases 1 . High prevalence of infectious disease is associated with greater social vulnerability of individuals prior to incarceration 2, 3 , greater exposure to risk factors 4 , prison conditions that favor the transmission of these diseases 3, 5, 6 , and the lack of preventative and control measures such as diagnosis and treatment of infected individuals 3 . A higher prevalence of sexually transmittable diseases can persist throughout the post-incarceration period, as much due to an absence of diagnosis and/or treatment of diseases acquired before or during incarceration, as to the increasing risk of new infection upon re-entry into society 7 .
Syphilis and HIV are sexually transmittable infections, which can be transmitted from the mother to the foetus during pregnancy and birth. Transmission to the foetus can be prevented through diagnosis during pregnancy and the use of specific prophylactic measures. Opportune treatment with penicillin Benzathine is effective in preventing 97% of mother to child transmission of syphilis 8 , while administering antiretroviral medications to mothers during pregnancy and birth and to the baby during the first weeks of life, appropriate care during labor and birth, and the use of maternal milk substitutes can reduce the HIV mother to child transmission rates to below 2% 9 . Therefore, the identification and treatment of these infections during pregnancy are important for the health of the mother, as it can reduce morbidity and mortality associated with these infections, and allow for preventative measures which avoid mother to child transmission of syphilis and HIV.
Studies carried out in several countries, including Brazil, showed a high prevalence of HIV and syphilis infections in incarcerated men 3, 5, 10, 11, 12, 13 and women 2, 3, 6, 14, 15, 16, 17, 18, 19, 20, 21 , reinforcing the importance of serological diagnosis in prisons for the implementation of available intervention. However, Brazilian studies have been carried out in isolated prison units. There are only two studies operating on a state-wide scale, one in Espírito Santo 14 and another in Mato Grosso do Sul 3 , and no study with a nationwide scope. Moreover, none of these studies specifically evaluated syphilis and HIV prevalence in incarcerated women during the pregnancy-puerperal period.
The hypothesis of this study is that the prevalence of syphilis and HIV infection during pregnancy is greater in incarcerated women than in free women; that incarcerated women have greater social vulnerability than free women; and that syphilis and HIV infections are indicators of social vulnerability.
The objective of this study is to estimate the prevalence of syphilis and HIV infection during pregnancy, the mother to child transmission of syphilis and the incidence of congenital syphilis in incarcerated women -comparing these data with national estimates for free women -and to verify the maternal factors associated with syphilis infection during pregnancy in free and incarcerated women.
Method
We used findings from two national studies: Birth in Brazil and Maternal and Infant Health in Prisons.
The study Birth in Brazil is a hospital based investigation, which took place between February 2011 and October 2012, and included 266 hospitals and 23,894 mothers. We selected the sample in three stages. In the first, we grouped hospitals with more than 500 births per year into the five macroregions of Brazil (North; Northeast; South; Southeast; Central), by location (non-capital, capital) and according to the type of healthcare service (public, mixed, private), with the selection probability being proportional to the number of births in 2007 for each of the strata. In the second stage, we used a method of inverse sampling for the calculation of the number of days necessary (a minimum of seven) to interview 90 mothers at each hospital. In the third stage, we selected eligible women for each day of fieldwork. The eligibility criteria included women with a hospital birth of a living foetus of any gestational age or weight, or of a foetal loss with a gestational age > 22 weeks or weight > 500g. We carried out interviews with mothers during their hospital stay and we collected data from the hospital records after the patient was discharged from the hospital. In the case of an extended stay, we collected data from the maternal records on the forty-second day of the stay and from the newborn records on the twenty-eighth day of life. We photographed antenatal cards, when available, and
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The study Maternal and Infant Health in Prisons was a census study with an institutional base, undertaken between August 2012 and January 2014, in all the female prison institutions which housed pregnant women and women with children located in the capital and metropolitan regions of all Brazilian states and in the Federal District. Thirty-three prison units were included in twenty-four states, excluding the states of Tocantins and Acre, which had no pregnant women or mothers at the time of the fieldwork. We considered pregnant detainees, detainees who gave birth in the two years prior to research and detainees who were with their children as eligible for the study, even though they had not given birth in prison. The interviewed population consisted of 495 women: 206 pregnant women and 289 mothers. We carried out structured interviews with pregnant women and mothers in prison units, collected data from maternal and newborn hospital records at the time of birth, and took photographs of the antenatal care cards. More information about the study Maternal and Infant Health in Prisons is available in Leal et al. 24 .
For this analysis, we excluded all women younger than eighteen years old and who had private funding for birth care from the Birth in Brazil study, with 16,931 women remaining eligible. This exclusion aimed to guarantee comparability with the study Maternal and Infant Health in Prisons, given that juvenile prisons (with inmates less than eighteen years of age) were not included and that antenatal and birth care for incarcerated women is the responsibility of the state (public funding). From the study Maternal and Infant Health in Prisons, 206 pregnant women, 36 mothers with children of one year of age or older and 12 women who were imprisoned after giving birth were excluded, leaving 241 mothers to minors of one year of age who gave birth after being detained. The exclusion of pregnant women sought to guarantee compatibility with the Birth in Brazil study, which only evaluated mothers and avoided underestimation of syphilis and HIV prevalence resulting from a lack of serology test data. The exclusion of mothers with children of one year of age or more sought to reduce recall bias regarding information on pregnancy and birth. Mothers who gave birth before imprisonment were excluded given that antenatal and birth care had been provided outside of prison units. Figure 1 presents the flow chart of the selection process for women from the study Maternal and Infant Health in Prisons.
We compared the characteristics of incarcerated and free women using chi-squared tests with a significance of 0.05. We verified demographic (age, self-reported skin color), social (education, marital status), and reproductive (number of pregnancies, abortions, and previous births; occurrence in a previous birth of preterm newborn and/or with low birth weight) characteristics. Furthermore, we investigated maternal habits (prevalence of smoking during pregnancy; suspicion of alcohol abuse), data regarding the current pregnancy (antenatal care, prevalence of syphilis and HIV infection) and birth (incidence of congenital syphilis and mother to child transmission rates of syphilis).
We set the status "smoked during pregnancy" if it was reported by mothers, regardless of the amount they smoked during pregnancy. To measure for levels of inappropriate alcohol use we used the Tolerance Worry Eye-opener Annoyed Cut-down (TWEAK) 25 instrument with a cut-off of two. History of preterm birth and low birth weight was collected via interviews or from antenatal card records, when available. For the evaluation of antenatal care we used the following criteria: (a) proportion of women who had had at least one antenatal consultation; (b) proportion of pregnant women who reported having received the antenatal card; (c) the gestational age at the beginning of antenatal care, with initiation of care at the 12 th gestational week or less considered as "early beginning"; (d) proportion of women with an adequate number of antenatal consultations adjusted for gestational age at birth (minimum number of six antenatal consultations for a term pregnancy); and (e) proportion of women whose antenatal card recorded the results of syphilis and/or HIV serology test.
In both studies, we used the same case definition of syphilis during pregnancy, congenital syphilis and HIV infection during pregnancy. For the diagnosis of congenital syphilis, we used data obtained from newborn records. We then classified newborns as a case of congenital syphilis if there was a diagnosis of congenital syphilis recorded in the hospital records and/or if the cause of foetal or neonatal death was congenital syphilis.
For the diagnosis of syphilis during pregnancy, researchers considered the occurrence of at least one of the following situations: (a) reagent results of a syphilis serology test recorded on the antenatal For the diagnosis of HIV infection during pregnancy, we took into account the presence of at least one of the following conditions: (1) reagent results recorded on the antenatal card (two rapid tests or ELISA+Immunofluorescence or ELISA+Western Blot); or (2) evidence in the hospital records of: (a) diagnosis of HIV infection, or (b) indication of caesarean as a result of HIV infection, or (c) the use of zidovudine (AZT) during labor and/or birth, or (d) the use of AZT syrup on the newborn, or (e) the suspension of maternal breastfeeding due to maternal HIV infection, or (f) a record of the diagnosis "child exposed to HIV".
We estimated the prevalence of HIV and syphilis infection during pregnancy, the incidence of congenital syphilis per 1,000 live births, and the rate of MTCT of syphilis using corresponding 95% confidence intervals (95%CI) for the populations of the two studies: incarcerated women and free women.
We analyzed the social, demographic, reproductive and antenatal care characteristics of the women according to syphilis diagnosis during pregnancy in each study, seeking to identify the association between maternal factors and syphilis infection in each particular context. Due to the small number of cases in the study Maternal and Infant Health in Prisons, we re-categorised variables with three or more categories into two, to allow the use of the Fisher test in the analysis.
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In all the statistical analyses of the Birth in Brazil study data, we considered the complex sampling design. We calculated the data weighting according to the inverse of the probability of inclusion of each puerperal woman in the sample and we used a calibration procedure in each selection stratum 23 . For the study Maternal and Infant Health in Prisons, weighting and calibration procedures were unnecessary, as the study was a census. In both studies, we excluded women who self-reported as East Asian or indigenous from the analysis, due to the very small proportion of cases (1.5% in Birth in Brazil and
1.7% in Maternal and Infant Health in Prisons).
The Research Ethics Committee of the Sergio Arouca National School of Public Health, Oswaldo Cruz Foundation approved the study Birth in Brazil and the study Maternal and Infant Health in Prisons (report n. 92/2010 and 78.618/2012, respectively). We took care to ensure the anonymity and confidentiality of information and data was collected after participants gave their consent and signed a free and informed consent form.
Results
Of the 16,931 women included in the Birth in Brazil study, 77.7% were between 20 and 34 years old, 42.6% had twelve or more years of schooling, 29.4% self-reported as white, 81.3% lived with a partner, 11.8% reported smoking during pregnancy and 11.4% showed a suspicion of alcohol abuse. More than a third of the women had no history of previous pregnancy. Of those who had been pregnant before, 29.4% had a previous abortion; 61% had previously given birth and amongst those who had already given birth, 11.8% and 13.8% reported having had a preterm or low birth weight newborn, respectively.
Significant differences were observed in incarcerated women when compared with free women. The majority of incarcerated women were between 20 and 34 years old (91.3%), with a lower proportion of women younger than 20 years old (2.5%). Incarcerated women had lower levels of education, with 87.5% reporting less than eight years of schooling, and a higher proportion lived without a partner before incarceration (55.6%). The prevalence of smoking during pregnancy (63.9%) and the suspicion of alcohol abuse (32.6%) were, respectively, five and three times more likely in incarcerated women. They also had a higher proportion of previous pregnancies (88%), abortions (43.4%), and previous births (82.9%), as well as preterm newborns (23.4%) or newborns with low birth weight (28%) in previous births. All these differences were significant (Table 1) .
In relation to antenatal care, the percentage of free women who had previously had one antenatal consultation was 98.5%. Almost 60% of these women had an early initiation of antenatal care, 73% had an adequate number of consultations for gestational age at birth and almost 100% reported having received the antenatal care card. Among those women who had access to an antenatal care card, 88.3% had at least one serology test for syphilis and 80% had at least one serology test for HIV. Incarcerated women showed significantly lower levels for all evaluated indicators, including: lower rates of at least one antenatal consultation (94.6%); lower rates of early initiation of antenatal care (48.1%); lower rate of adequate number of antenatal consultations (48%); lower likelihood of receiving an antenatal care card (81.9%); and lower rates of serology tests -at least one -for syphilis (68.2%) and for HIV (69.2%) ( Table 2) .
For the non-incarcerated women of the Birth in Brazil study included in the current analysis, the prevalence of syphilis during pregnancy was estimated at 1.3% (95%CI: 1.0-1.6) and the prevalence of HIV infection at 0.5% (95CI: 0.4-0.7). We estimated a mother to child transmission rate of syphilis of 36.8% (95%CI: 25.8-48.4) with an incidence of congenital syphilis of 4.6 for 1,000 living newborns (95%CI: 2.9-7.2). The estimated prevalence of syphilis during pregnancy for incarcerated women was 8.7% (95%CI: 5.7-13.1) and for HIV infection 3.3% (95%CI: 1.7-6.6). The estimated mother to child transmission of syphilis in incarcerated women was 66.7% (95%CI: 44.7-83.2), with the incidence of congenital syphilis being 58.1 per 1,000 living newborns (95%CI: 40.4-82.8). These results showed significant differences between free and incarcerated women ( Table 2) .
Among free women, those who were diagnosed with syphilis during pregnancy had a lower level of education; were in the majority of cases black or brown; less frequently lived with a partner; more frequently reported smoking during pregnancy; presented a higher suspicion of alcohol abuse; and had a higher number of pregnancies, abortions, and previous births, as well as a higher proportion of preterm and/or low birth weight newborns in previous births (Table 3) . Free women diagnosed with syphilis during pregnancy also reported a later start of antenatal care and had a higher prevalence of
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Discussion
This is the first Brazilian study to estimate the national prevalence of syphilis and HIV infection during pregnancy in incarcerated women, as well as the mother to child transmission of syphilis and the incidence of congenital syphilis in births during incarceration. The availability of the results of a national study with free women, carried out at practically the same time, using the same methodological procedures for data collection and identification of cases, allowed the comparison of the data of these two groups. The prevalence of HIV infection during pregnancy in incarcerated women estimated by this study (3.3%) was lower than findings reported by Miranda et al. 14 (9.9%), Lopes et al. 15 (14.5%), and Strazza et al. 16 (13.9%) , in studies carried out in Brazil in the early 2000s, but similar to results in more recent studies conducted by Berra et al. 17 (3.6%) and Sgarbi et al. 3 (1.9%). A reduction in the prevalence of HIV infection for incarcerated men has also been reported in recent studies 3, 13 , although it remained higher than in free men.
The estimated prevalence of syphilis during pregnancy in incarcerated women (8.7%) was lower than the prevalence of syphilis in incarcerated women reported by Miranda et al. 14 
(16%), Strazza et
Cad. Saúde Pública 2017; 33(11):e00183616 al. 16 (22.8%) and Sgarbi et al. 3 (17%), but higher than that reported by Lopes et al. 15 (5.7%) and Berra et al. 17 (3%). Differences between the studies related to the definitions of syphilis cases and the use of treponemal and/or non-treponemal tests may explain some of the differences found in terms of the prevalence of syphilis infection.
The estimated prevalence of syphilis and HIV infection in pregnancy in incarcerated women was almost 7 times greater than that found in free women. A greater prevalence of syphilis infection in incarcerated women was also reported in a systematic review of studies undertaken across the period from 1996 to 2010 2 . Studies carried out in Peru 20 , Mexico 6 , and the USA 7 found an elevated prevalence of syphilis and HIV infection in incarcerated women.
In this study, incarcerated women showed greater social vulnerability, with lower levels of education, less support from their partner, and greater exposure to risk factors such as smoking and alcohol consumption when compared with free women. Previous studies had already demonstrated worse social conditions 3, 15, 20, 26 , the elevated prevalence of smoking 6, 15, 26, 27 , alcohol and drug use 15, 21, 26, 27 and mental disturbances 27 in incarcerated women.
Incarcerated women also showed a greater number of pregnancies, births and abortions, whilst negative outcomes were more frequent during previous pregnancies. These pregnant women would benefit most from adequate antenatal care, which would allow the identification of risk situations, diagnosis and treatment of infection, educational initiatives, and adequate management of clinical complications. However, incarcerated women showed worse results in all the evaluated antenatal indicators. The main strategy to prevent the mother to child transmission of syphilis and HIV infections is the diagnosis and treatment of infected women during pregnancy 28 . The inadequate antenatal care received by incarcerated women resulted in poorer pregnancy outcomes: a mother to child transmission of syphilis two times higher in incarcerated women than in free women and an incidence of congenital syphilis 12.6 times higher at birth.
Studies carried out in other countries also showed low quality antenatal care for incarcerated women 26, 29, 30, 31 . In Australia, a study found that being pregnant whilst incarcerated was the main predictor for a negative perinatal outcome, showing the inequality of health outcomes for this population 31 . Researchers have described the inadequate health care provided in prisons, with low access to serological diagnosis of sexually transmittable diseases 3, 17 ; lack of knowledge and treatment of these infections 3, 16, 21 ; and a low rate of implementation of preventative measures, including immunisation and harm minimisation measures 13 . Health care in prisons has been recognised as a central item on the public health agenda and as a right of incarcerated individuals 2, 4, 6, 7 , with adequate antenatal and birth care being part of this agenda 24, 32 .
There are few studies regarding the experiences and results of pregnancy in incarcerated women and few studies evaluating the effectiveness of interventions to improve the wellbeing of these women and their infants over the short and long term 33, 34 . The few available studies show a positive association between the number of prenatal care consultations among women entering prison during the first trimester of pregnancy and infant birth weight 35 , the cost effectiveness of testing for HIV in incarcerated pregnant women 36 , the applicability of strategies that ensure opportune diagnosis and treatment of syphilis with a reduction in the number of cases of congenital syphilis 37 , and lower rates of preterm births and c-sections in women receiving enhanced prison care when compared to women receiving usual care 34 . Clinical guidelines focusing on pregnancy in incarcerated women are available and underline the specific needs of these women 38 . Recent studies have also reported and evaluated new strategies and organization of services 34, 39, 40, 41 indicating new possibilities for action in prisons.
For free women, syphilis infection was associated with social vulnerability. Infected women had lower levels of education; self reported as black or brown in higher proportions; more frequently lived without a partner; had greater exposure to smoking and alcohol; had a greater number of previous pregnancies, births, abortions, and prior negative birth outcomes; had a greater prevalence of HIV infection; and a later initiation of antenatal care. Previous studies had already identified greater social vulnerability among free women with syphilis 42, 43 and/or HIV 44 infection.
However, in incarcerated women we observed no difference in women characteristics according to syphilis infection. Although women diagnosed with syphilis were more likely to have HIV, to have smoked and used alcohol during pregnancy, and to have had less antenatal care when compared with
Cad. Saúde Pública 2017; 33(11):e00183616 incarcerated women who were not diagnosed with syphilis, these differences were not statistically significant. It is possible that the study was not of a large enough size to detect significant differences due to the small number of cases of syphilis during pregnancy (n = 21) identified in prisons. Previous studies in prisons identified associations of syphilis infection with the age of the woman (higher in women of more than 40 years of age), with black skin color, with imprisonment for prostitution or sexual crimes 4 , and with fewer years of education 2 . An alternative explanation, however, is that the prison population in general is more socially vulnerable and that the presence of syphilis in these women is not an indicator of who is the most vulnerable.
This study presents some limitations. The Birth in Brazil study included neither home births nor births that occurred in maternity hospitals with less than 500 births/year. As more than 80% of births in Brazil take place in maternity hospitals with more than 500 births/year, we expect no significant changes in the results presented here. The study Maternal and Infant Health in Prisons included women with children younger than one year of age and it was not possible to rule out a possible survivor bias, in cases where women and babies had died or been freed from prison after birth but before the study was carried out. Data regarding these potential losses is not available and it is not possible to estimate the direction of the bias, if these losses did in fact occur. Considering that the study performed a census of the prison population, the present data represents the best national estimate possible for incarcerated women aged over eighteen years.
Contrarily to other national and international studies, we calculated the prevalence estimates for syphilis and HIV infection using secondary data recorded on antenatal cards and hospital records, as opposed to collecting blood in order to perform serological exams for syphilis and HIV. It is possible that we underestimated cases of syphilis and HIV infection if medical records were inaccurate. However, we collected information from a number of sources including antenatal cards and hospital records for mothers and newborns, with the intention of minimizing the loss. On the other hand, we may have overestimated the number of recorded cases of syphilis, given that we considered any reagent serological test as evidence of infection and we may have classified past infections as active syphilis during pregnancy. Although these limitations affect the comparison of the results presented in this study with other national and international studies that used different methodologies, the comparison between incarcerated and free pregnant women was not affected. Both the Birth in Brazil and the Maternal and Infant Health in Prisons studies used the same case definitions and data collection methods allowing for the comparisons presented in this article.
In both studies, we excluded cases of miscarriage. In the study carried out in prison, data on cases of foetal mortality after the 22 nd week of gestation were not available. These exclusions could have underestimated the incidence of congenital syphilis, given that syphilis can lead to miscarriage and late foetal loss. The exclusion of stillbirths from the study conducted in prisons may have also attenuated the differences in prevalence of syphilis during pregnancy and incidence of congenital syphilis between incarcerated and free women.
We defined cases of congenital syphilis when there was a record of this diagnosis in the newborn records or as a cause of foetal/neonatal death. These criteria are different from those currently used by the Brazilian Ministry of Health, which also include data concerning the treatment of pregnant women and the partner when defining cases of congenital syphilis. The use of different criteria limits the comparison of the data of this study with cases reported in the Brazilian Information System for Notifiable Diseases (SINAN) and with studies that used the same case definition as the Brazilian Ministry of Health. However, this did not affect the comparison of the incidence of congenital syphilis in incarcerated and free women, given that both studies used the same case definitions. Finally, it was not possible to verify the maternal characteristics associated with HIV infection due to the small number of cases of HIV infection identified amongst incarcerated women (n = 8) and the absence of relevant maternal characteristics for the study in terms of HIV infection, such as the use of condoms and drug use 13, 45, 46 . Future studies are necessary to enhance our knowledge regarding incarcerated pregnant women.
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Conclusion
The results of this study showed that incarcerated women with children younger than one year old, when compared with free mothers, exhibited higher levels of social vulnerability, higher prevalence of syphilis and HIV infection during pregnancy, and lower quality of antenatal care, resulting in elevated rates of mother to child transmission of syphilis and high incidence of congenital syphilis. Syphilis infection showed to be associated with social vulnerability in free women, but not in incarcerated women.
Adequate antenatal and birth care, with opportune diagnosis and treatment of infected pregnant incarcerated women, is essential for the reduction of maternal morbidity and mortality 32 and the prevention of mother to child transmission of syphilis and HIV infections. Other health initiatives in the prison environment should be implemented, including the provision of tests for the diagnosis of pregnancy and sexually transmitted diseases, and the continuity of healthcare in services within and outside prison. This would seek to ensure that incarcerated populations have access to the same quality of healthcare as that given to free populations, according to national 47, 48 and international 32 recommendations, with the consequent reduction of healthcare inequalities. 
